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of Four Pile Caps 
Kazuo Ohtsuki and Tsutomu Tsuchiya 
Abstract 
ln this paper ninety~eight reinforced concrete pile caps. each with four piles， were tested under vertical 
load. The vuiables involved were spacing of piles， arrangement of reinforcement， side length of column. side 
length of pile cap and depth of pile cap. For a1 pile caps final failure was in shear. In the shear failure three 
I.ypical forms were recorded. The first was the punching fai lure by the column punching through the pile cap. 
The second was the one similar to that in a wide beam， with the pile cap splitting into halves which were dis-
placed vertic昌1yrelative to one another. The third was the shearing failure in which the corners of pile cap 
were broken off 
In regard to the ultimate shearing strength the results of the test were compared with the values calcuated 
according to the provision for the shear in A. 1. J. Building Code Requirements for Reinforced Concrete(1982)， 
to that in A. C. 1. Building Code Requir巴mentsfor Reinforced Concrete(ACI 318~83) ， to the equations proposed 
by others and to that by authors. 
To conclude the discussions the calculated values according to the author's equations and to the provision 
















































試験体 板辺長 柱辺長 杭閥隔 脱原 画d 筋
番号 lx X ly Cx X Cy Lx X Ly (合効回) re* 
言己 主ま (cm) (cm) (cm) (cm) x )j I両j y方向 (kg/ cdt 
1 SD也1 90 x 90 18 x 18 60 x 60 15 (12) 15-D13@60 15-Dl3理60 210 
2 2 90 x 90 18 x 18 60 x 60 15 (12) 15-D13@60 15也D13@60 220 
3 3 80 x 80 14 x 14 44 x 44 20 (15) 12-DlO@60 12-DlO@60 268 
4 4 80 x 80 14 x 14 44 x 44 20 (15) 12-D10@60 12-DlO@60 241 
5 5 80 x 80 29 x 29 44 x 44 20 (15) 12-DlO昭60 12-DlO@60 223 
6 6 80 x 80 29 x 29 44 x 44 20 (15) 12噌DlO@60 12-D10@60 245 
7 7 80 x 80 36.5x 36.5 44 x 44 20 (15) 12-DlO@60 12・D10@60 259 
8 8 80 x 80 36.5x 36.5 44 x 44 20 (15) 12-DlO@60 12-DlO@60 259 
9 9 90 x 90 20 x 20 50 x 50 25 (20) 10-D13@80 10-D13@80 211 
10 10 90 x 90 20 x 20 50 x 50 25 (20) 10-D13@80 10鳴D13@80 224 
11 11 90 x 90 20 x 20 50 x 50 25 (20) 10-D13@80 10-D13@80 194 
12 12 90 x 90 20 x 20 50 x 50 25 (20) 10-D13@80 10田D13@80 188 
13 13 90 x 90 20 x 20 50 x 50 25 (20) 10也D13@72.5 10-D13@72.5 208 
14 14 90 x 90 20 x 20 50 x 50 25 (20) 10-D13@72.5 10-D13@72.5 214 
15 15 90 x 90 20 x 20 50 x 50 25 (20) 10-Dl3昭30 10-D13@30 188 
16 16 90 x 90 20 x 20 50 x 50 25 (20) 10姐D13@30 10-D13@30 202 
17 17 90 x 90 20 x 20 50 x 50 25 (20) 7司D13@30 7-D13理30 190 
18 18 90 x 90 20 x 20 50 x 50 25 (20) 7-D13@30 7-D13@30 175 
19 19 90 x 90 20 x 20 50 x 50 25 (20) 10-D13@80 10-D13@80 213 
20 20 90 x 90 20 x 20 50 x 50 25 (20) 10-Dl3@80 1O-Dl3@80 199 
21 SD25-1 90 x 90 24 x 24 54 x 54 25 (20) 8-D13@105 8-D13理105 244 
22 2 90 x 90 24 x 24 54 x 54 25 (20) 8-D13@105 8-D13@105 269 
23 SD30司1 90 x 90 24 x 24 54 x 54 30 (25) 10-D13@80 10・D13@80 221 
24 2 90 x 90 24 x 24 54 x 54 30 (25) 10-D13@80 10-D13@80 234 
25 SD35-1 90 x 90 24 x 24 54 x 54 35 (30) 12-Dl3@65 12-Dl3@65 224 
26 2 90 x 90 24 x 24 54 x 54 35 (30) 12-D13@65 12-D13@65 246 
27 S即20・3 8"O x 80 30 x 30 50 x 50 20 (15) 8-D13@90 8-D13@90 246 
28 4 80 x 80 30 x 30 50 x 50 20 (15) 8-D13@90 8-D13@90 228 
29 5 90 x 90 30 x 30 50 x 50 20 (15) 9-D13@90 9-D13@90 243 
30 6 90 x 90 30 x 30 50 x 50 20 (15) 9-D13@90 9-D13昭90 239 
31 SrM25・1 70 x 70 30 x 30 50 x 50 25 (20) 7-D13昭90 7-Dl3@90 263 
32 2 70 x 70 30 x 30 50 x 50 25 (20) 7-D13@90 7ωD13@90 248 
33 3 80 x 80 30 x 30 50 x 50 25 (20) 8・D13@90 8-D13@90 227 
34 4 80 x 80 30 x 30 50 x 50 25 (20) 8-D13号90 8-D13@90 269 
35 5 90 x 90 30 x 30 50 x 50 25 (20) 9-D13@90 9-D13@90 225 
36 6 90 x 90 30 x 30 50 x 50 25 (20) 9-D13@90 9-D13@90 226 
37 g刻'30-3 80 x 80 30 x 30 50 x 50 30 (25) 8-D13@90 8-D13@90 234 
38 4 80 x 80 30 x 30 50 x 50 30 (25) 8-D13@90 8・D13@90 246 
39 5 90 x 90 30 x 30 50 x 50 30 (25) 9-D13@90 9-D13@90 225 
40 6 90 x 90 30 x 30 50 x 50 30 (25) 9-D13@90 9-D13@90 228 
41 S即 525-1 70 x 70 30 x 30 42 x 42 25 (20) 7-D13@90 7-D13理90 248 
42 2 70 x 70 30 x 30 42 x 42 25 (20) 7-Dl3@90 7-D13@90 262 
43 3 80 x 80 30 x 30 42 x 42 25 (20) 8-D13@90 8-D13@90 260 
44 4 80 x 80 30 x 30 42 x 42 25 (20) 8-D13@90 8-D13@90 270 
45 DRC1-1 90 x 90 24 x 24 50 x 50 30 (25) 11-Dl3理75 11-D13@75 256 
46 2 90 x 90 24 x 24 50 x 50 30 (25) 11-D13@75 11-D13@75 275 
47 DRC1.5偏 l 90 x 90 19.6x 29.4 50 x 50 30 (25) 11-D13@75 11四D13@75 269 
48 2 90 x 90 19.6x 2ヲ.4 50 x 50 30 (25) 11・D13@75 11-D13@75 274 
49 DRC2-1 90 x 90 17 x 34 50 x 50 30 (25) 11-D13@75 11-D13@75 263 
50 2 90 x 90 17 x 34 50 x 50 30 (25) 11-D13@75 11-D13@75 258 
51 3 90 x 90 16 x 32 50 x 50 30 (25) 1l-D13@75 11-D13理75 255 
52 4 90 x 90 16 x 32 50 x 50 30 (25) 11-D13@75 11-D13@75 260 
53 DRF1.25-1 102.5x 90 30 x 24 62.5x 50 30 (25) 11-D13@75 13-D13@75 253 
54 2 I 102，5x 90 30 x 24 62.5x 50 30 (25) 11-D13@75 13幽D13@75 251 
55 D町1.5-1 115 x 90 36 x 24 75 x 50 30 (25) 11-D13@75 14・D13@75 272 




話験体 板辺長 位辺長 杭間隔 板厚 ~a 筋
番号 lx X ly Cx X Cy Lx X Ly (有効以)
記 号 ( cm ) (cm) (cm) (cm) x方向 y万向 (kg/cd) 
57 SDC20-1 90 x 90 24 x 24 45 x 26 20 (15) 8-D13@105 8-D13@105 271 
58 2 90 x 90 24 x 24 45 x 26 20 (15) 8四D13昭105 8司D13@105 271 
59 3 90 x 90 16 x 16 45 x 26 20 (15) 8-D13@105 8-D13@105 258 
60 4 90 x 90 16 x 16 45 x 26 20 (15) 8-D13@105 8-D13@105 258 
61 SDC30・1 90 x 90 24 x 24 45 x 26 30 (25) 13-D13@60 13-D13@60 269 
62 2 90 x 90 24 x 24 45 x 26 30 (25) 13-D13@60 13-D13@60 268 
63 DR肌-1 120 x 80 30 x 30 45 x 45 25 (20) 12-D13@60 18-D13@60 275 
64 2 120 x 80 30 x 30 45 x 45 25 (20) 12-D13@60 18-D13@60 275 
65 2-1 120 x 80 30 x 30 55 x 45 25 (20) 12“D13@60 18-D13@60 265 
66 2 120 x 80 30 x 30 55 x 45 25 (20) 12喧D13@60 18-Dl3@60 270 
67 3-1 120 x 80 30 x 30 65 x 45 25 (20) 12-D13@60 18-Dl3@60 278 
68 2 120 x 80 30 x 30 65 x 45 25 (20) 12-D13@60 18-D13@60 272 
69 4-1 120 x 80 30 x 30 55 x 55 25 (20) 12-Dl3@60 18-D13@60 273 
70 2 120 x 80 30 x 30 55 x 55 25 (20) 12曲D13@60 18-D13@60 269 
71 5-1 120 K 80 30 x 30 55 x 35 25 (20) 12・D13@60 18-D13@60 264 
72 2 120 x 80 30 x 30 55 x 35 25 (20) 12-D13@60 司18-Dl3@60 267 
73 6由1 120 x 80 30 x 40 55 x 55 25 (20) 12-Dl3@60 18司Dl3@60 269 
74 2 120 x 80 30 x 40 55 x 55 25 (20) 12-D13@60 18-Dl3@60 266 
75 7-1 120 x 80 40 x 30 55 x 55 25 (20) 12-Dl3@60 18-D13@60 263 
76 2 120 x 80 40 x 30 55 x 55 25 (20) 12司D13理60 18畑D13昭60 269 
7 DEL12.5-1 120 x 70 30 x 30 50 x 45 25 (20) 10-D13@65 17-Dl3@65 224 
78 2 1120 x 70 30 x 30 50 x 55 25 (20) 10-D13@65 17-Dl3@65 222 
79 D乱 16-1 120 x 77 30 x 30 50 x 45 25 (20) ll-D13@65 17-D13@65 222 
80 2 120 x 77 30 x 30 50 x 45 25 (20) ll-Dl3@65 17・D13@65 212 
81 DEL19.5-1 120 x 84 30 x 30 50 x 45 25 (20) 12“D13@65 17司D13@65 222 
82 2 1120 x 84 30 x 30 50 x 45 25 (20) 12‘D13@65 17-D13@65 227 
83 DEL23-1 120 x 91 30 x 30 50 x 45 25 (20) 13国D13@65 17-D13@65 226 
84 2 120 x 91 30 x 30 50 x 45 25 (20) 13-D13@65 17-D13@65 212 
85 DPL31-1 120 x 70 30 x 30 50 x 31 25 (20) 10-D13@65 17・D13日65 221 
86 2 120 x 70 30 x 30 50 x 31 25 (20) 10-D13@65 17-D13@65 225 
87 D孔38・1 120 x 77 30 x 30 50 x 38 25 (20) ll-D13@65 17四D13@65 227 
88 2 120 x 77 30 x 30 50 x 38 25 (20) ll-Dl3@65 17-D13@65 226 
89 DPL52-1 120 x 91 30 x 30 50 x 52 25 (20) 13-Dl3@65 l7-D13@65 218 
90 2 120 x 91 30 x 30 50 x 52 25 (20) 13-Dl3@65 l7-Dl3@65 233 
91 DPLs31-1 120 x 63 30 x 30 50 x 31 25 (20) 9-D13@65 l7-D13@65 224 
92 2 120 x 63 30 x 30 50 x 31 25 (20) 9司D13@65 17姐Dl3@65 233 
93 DPLs38開 l 120 x 70 30 x 30 50 x 38 25 (20) 10・D13@65 17“D13@65 228 
94 2 120 x 70 30 x 30 50 x 38 25 (20) 10-D13@65 l7-D13@65 220 
95 DPLs52-1 120 x 84 30 x 30 50 x 52 25 (20) 12-D13@65 l7-D13@65 220 
96 2 120 x 84 30 x 30 50 x 52 25 (20) 12-D13@65 17-D13@65 220 
97 D礼 s59-1 120 x 91 30 x 30 50 x 59 25 (20) 13-D13@65 l7-D13@65 227 




















実 験 番号 砂 砂利 調合強度 Si! W/C オく セメント 硲》 砂利
シリー ズ ("，m) (fm) (mm) ( fm) (kg/cr/t) (明) (%) kg/抗~) (kg/耐)(kg/耐) (kg/抗，3)
T 1-2 三5 3.20 話20 6.20 240 18 62 174* 280 899 964 
E 3-8 亘5 3.00 正25 6.90 300 18 58 161 278 970 1034 
E 9 -20 三5 3.26 正20 6.75 240 18 67 153 229 982 1055 
N 21-44 正5 2.99 壬25 6.91 240 18 63 179 284 893 1030 
V 45 -56 ~5 2.80 正25 6.90 240 18 63 167 265 963 1014 
u 57 -76 孟5 2.80 三25 6.90 240 18 63 167 265 963 1014 
W 77 -98 三5 2.70 ~20 6.77 240 18 63 168 267 970 1014 







はずし(シリーズ Iでは材令 6日，その他では材令3日)に要した短時間を除き，シリーズ Iで



























番号 鉄筋 断面積(公称)降伏点応力度 引張強さ 破断伸び
(C1A ) (kg/C1A) (勾/C1A) (%) 
1~2 D13 1. 267 3660 5260 27.8 
3~8 D10 0.713 3890 5440 27.8 
9 ~20 D13 1. 267 4000 5800 27.5 
21-44 D13 1.267 3980 5750 24.8 
45 -56 D13 1. 267 4000 5790 23.8 
57-76 D13 1. 267 3770 5420 26.0 













































































表中、 Pはパンチング破壊、 Dは一方向せん断破壊、 Sは隅角せん断破壊を表わし、 D・Pは隅
角せん断破壊とパンチング破壊が同時に起きたと見られるものである
3.2 既往のせん断終局耐力式との比較
表-4 (1) - (3)にせん断耐力設計式およびせん断終局耐力に関する諸家の式によって求
めた値Pcalを最大荷重実験値 P"と共に示した。表中( )内は計算値 Pcalに対する最大荷重実験































?? ? ? ?
藤田
( t 0n) 
番 破壊 最大荷重 R C規準 '82方茸 C 1 Code Hognestad 
Elstner-
官hitney Moe 角田・井議・
号 形J3:i実験値 一方向 パンチング ~c: 方向 パンチシグ
Hognestad 
*ヲー Pu Pcal (旦~) Ral(JPEeaLl ) (旦~) Pcal (~) 
h 
Pcal (3L) Pcal (~) Pcal (ーPιn) Pcal (主Pcal (一一)
Pcal Pcal Pcal Pcal Pcal Pcal 九al Pca 
1 P 31.5 39.7 (0.88) 36.3*(0.97) 30.8 (1.14) 20.2安(1.74) 34.3*(1.02) 32.6*(1.08) 53.3*(0.66) 35.1*(1.00) 36.1*(0.97) 
2 P 34.0 41.6 (0.82) 38.0*(0.89) 31.2 (1.09) 20.7*(1.64) 35.2大(0.97) 33.2*(1.02) 53.7*(0.63) 35.8*(0.95) 37.0女(0.92)
3 P 42.8 56.3 (0.76) 54.4大(0.79) 58.1 (0.74) 26.9*(1.59) 37.1*(1.15) 33.9六(1.26) 46.3*(0.92) 39.0*(1.10) 34.5会(1.24) 
4 F 44.4 50.6 (0.88) 48.9*(0.91) 55.8 (0.80) 25.5*(1. 74) 35.1*(1.26) 32.7六(1.36) 45.9六(0.97) 37.4*(1.19) 33.5*(1.33) 
5 P 87.5 46.8 (1.87) 101.3*(0.86) 76.0 (1.15) 54.8*(1.60) 68.9*(1.27) 64.4*(1.36) 90.6会(0.97) 67.7*(1.29) 42.8*(2.04) 
6 P 1 100.0 51.5 (1.94) 111.3*(0.90) 79.7 (1.25) 57.5*(1. 74) 72.4*(1.38) 66.4*(1.51) 91.1*(1.10) 70.3*(1. 42) 43.9*(2.28) 
7 S 1132.0 72.5 (1.82) 278.2 (0.47) 98.4 (1.34) 139.9 (0.94) 112.7 (1.17) 98.0 (1.35) 142.2 (0.93) 94.4 (1.40) 49.7 (2.66) 
8 S 1146.0 72.5 (2.01) 278.2 (0.52) 98.4 (1.48) 139.9 (1.04) 112.7 (1.30) 98.0 (1.49) 142.2 (1.03) 94.4 (1.55) 49.7 (2.94) 
9 P 78.4 66.5 (1.18) 79.1*(0.99) 83.2 (0.94) 44.0*(1. 78) 63.9*(1.23) 60.6*(1. 29) 94.4*(0.83) 67.9*(1.15) 51.8女(1.51)
10 P 84.0 70.6 (1.19) 84.0*(1.00) 85.7 (0.98) 45.4*(1.85) 65.9*(1.27) 61.8安(1.36) 94.8*(0.89) 69.6*(1. 21) 52.6*(1.60) 
11 P 83.0 61.1 (1.36) 72.7*(1.14) 79.8 (1.04) 42.2*(1.97) 61. 2* (1. 36) 58.9*(1.41) 93.9六(0.88) 65.6*(1.27) 50.7*(1.64) 
12 F 83.5 59.2 (1.41) 70S'(1.18) 78.5 (1.06) 41.6*(2.01) 60.2大(1.39) 58.3*(1.43) 93.7*(0.89) 64.7*(1.29) 50.3*(1.66) 
13 P 82.0 65.5 (1.25) 78.0*(1.05) 82.6 (0.99) 43.7*(1.88) 63.5会(1.29) 60.3*(1.36) 94.3*(0.87) 67.5*(1.21) 51.6*(1.59) 
14 P 84.0 67.4 (1.25) 80.2*(1.05) 83.8 (1.00) 44.3女(1.90) 64.4*(1.30) 60.9*(1.38) 94.5*(0.89) 68.3*(1.23) 52.0*(1. 62) 
15 P 80.0 59.2 (1.35) 70.5*(1.13) 78.5 (1.02) 41.6*(1. 92) 60.2*(1.33) 58.3*(1.37) 93.7*(0.85) 64.7*(1.24) 50.3*(1.59) 
16 P 82.0 63.6 (1.29) 75.7六(1.08) 81.4 (1. 01) 43.1大(1.90) 62.5*(1.31) 59.7*(1.37) 94.1*(0.87) 66.7*(1.23) 51.2*(1.60) 
17 P 80.0 59.9 (1.34) 71. 2*(1.12) 78.9 (1.01) 41.8会(1.91) 60.4*(1.32) 58.4*(1. 37) 93.1*(0.86) 64.9*(1.23) 50.2*(1.59) 
18 P 78.0 55.1 (1.42) 65.6*(1.19) 75.8 (1.03) 40.1*(1.95) 57.9*(1.35) 56.8*(1.37) 92.5*(0.84) 62.7*(1.24) 49.2*(1.59) 
19 F 84.0 67.1 (1.25) 79.9*(1. 05) 83.6 (1.00) 44.2女(1.90) 64.2*(1.31) 60.8*(1.38) 94.5*(0.89) 68.1会(1.23) 51.9*(1.62) 
20 P 84.0 62.7 (1.34) 74.6*(1.13) 80.8 (1.04) 42.8*(1. 96) 62.0*(1.35) 59.4*(1.41) 94.0女(0.89) 66.3*(1.27) 51.0*(1.65) 
21 P 90.5 76.9 (1.18) 101. 7*(0.89) 89.5 (1.01) 52.6*(1. 72) 71.2*(1.27) 67.4*(1.34) 89.4*(1.01) 76.7*(1.18) 51.4*(1. 76) 
22 P 94.0 84.7 (1.11) 112.2*(0.84) 93.9 (1.00) 55.3*(1. 70) 74.8会(1.26) 69.4*(1.35) 89.7*(1.05) 79.4*(1.18) 52.9*(1. 78) 
23 p 1 122.0 87.0 (1. 40) 126.6*(0.96) 106.4 (1.15) 68.8*(1. 77) 91.9*(1.33) 87.4六(1.40) 134.4*(0.91) 100.1*(1.22) 64.7*(1.89) 
24 P 1118.0 92.1 (1.28) 134.0*(0.88) 109.5 (1.08) 70.8*(1.67) 94.6安(1.25) 88.9大(1.33) 134.8*(0.88) 102.2*(1.15) 65.8*(1. 79) 
25 P 1 114.0 105.8 (1.08) 183.5大(0.62) 128.6 (0.89) 99.1*(1.15) 119.1合(0.96) 111.3安(1.02) 190.5大(0.60) 127.2*(0.90) 80.2会(1.42)
26 P 1140.5 116.2 (1.21) 201.6安(0.70) 134.8 (1.04) 103.9'女(1.35) 125.0*(1.12) 114.9女(1.22) 191.3*(0.73) 132.1*(1.06) 82.4*(1. 71) 
27 P 81.0 51. 7 (1.57) 85.8*(0.94) 71.9 (1.13) 44.3*(1.83) 71. 0* (1.14) 6~ .7大(1. 23) 95.7*(0.85) 69.8女(1.16) 49.1*(1.65) 
28 5 86.0 47.9 (1.80) 79.6 (1.08) 69.2 (1.24) 42.6 (2.02) 68.3 (1.26) 64.1 (1.34) 95.2 (0.90) 67.7 (1.27) 48.2 (1. 78) 
29 S 96.0 57.4 (1.67) 84.8 (1.13) 80.4 (1.19) 44.0 (2.18) 73.8 (1.30) 68.2 (1.41) 95.6 (1.00) 71.8 (1.34) 48.9 (1.96) 
30 S 1100.0 56.5 (1. 77) 83.4 (1.20) 79.7 (1.25) 43.6 (2.29) 73.2' (1.37) 67.8 (1.47) 95.5 (1.05) 71.4 (1.40) 48.7 (2.05) 
31 s 84.0 64.4 (1.30) 162.6 (0.52) 86.7 (0.97) 81.1 (1.04) 93.9 (0.89) 85.8 (0.98) 129.1 (0.65) 95.6 (0.88) 60.0 (1.40) 
32 s 81.0 60.8 (1.33) 153.4 (0.53) 84.2 (0.96) 78.7 (1.03) 91.1 (0.89) 84.2 (0.96) 128.8 (0.63) 93.6 (0.87) 59.0 (1.37) 
33 s 92.0 63.6 (1.45) 140.4 (0.66) 92.1 (1.00) 75.3 (1.22) 91.5 (1. 01) 85.9 (1.07) 128.2 (0.72) 94.6 (0.97) 57.6 (1.60) 
34 S 1 04.0 75.3 (1.38) 166.3 (0.63) 100.2 (1.04) 82.0 (1.27) 99.9 (1.04) 90.8 (1.15) 129.3 (0.80) 101. 0 (1. 03) 60.3 (1. 72) 
35 S 1115.0 70.9 (1.62) 139.1 (0.83) 103.1 (1.12) 75.0 (1.53) 95.3 (1.21) 89.2 (1.29) 128.1 (0.90) 97.4 (1.18) 57.4 (2.00) 
36 SI117.0 71.2 (1.64) 139.7 (0.84) 103.3 (1.13) 75.2 (1.56) 95.5 (1.23) 89.3 (1.31) 128.1 (0.91) 97.6 (1.20) 57.5 (2.03) 
37 S 1118.0 81.9 (1.44) 250.1 (0.47) 116.8 (1.01) 132.2 (0.89) 116.7 (1.01) 108.8 (1.08) 163.6 (0.72) 123.1{{0l .96) 67.6 (1. 75) 
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番
破形援王宮
最大荷重 R C規準 '82方気 A C 1 Code Hognestad Elstner- 百hitney Moe 角田・弁護・藤田




Pcal ー二F日一) Pcal (一F二n一) F凶(~) Pcal よと) Pcal (~) Pcal 工~) Pcal (~) (~) (工~)Pcal Pcal 
Pcal pcaJ Pcal Pcal Pcal Pcal Pcal Pcal Pcal 
39 P 1148.0 88.6 (1.67) 240.5*(0.62) 128.9 (1.15) 129.6*(1.14) 119.6*(1. 24) 111.9*(1.32) 163.3*(0.91) 125.2*(1.18) 66.8*(2.22) 
40 S 1147.0 89.8 (1.64) 243.7 (0.60) 129.7 (1.13) 130.5 (1.13) 120.4 (1.22) 112.4 (1.31) 163.4 (0.90) 125.9 (1.17) 67.1 (2.19) 
41 S 1141.0 67.5 (2.09) 298.3 (0.47) 100.2 (1.41) 153.1 (0.92) 110.9 (1.27) 98.9 (1.43) 158.1 (0.89) 106.3 (1.33) 59.0 (2.39) 
42 S 1142.0 71.3 (1. 99) 315.0 (0.45) 103.0 (1.38) 157.4 (0.90) 114.1 (1.24) 100.9 (1. 41) 158.5 (0.90) 108.7 (1. 31) 59.9 (2.37) 
43 S 1142.0 80.9 (1.76) 312.7 (0.45) 117.3 (1.21) 156.8・(0.91) 119.9 (1.18) 106.3 (1.34) 158.4 (0.90) 111.8 (1.27) 59.8 (2.37) 
44 S 1154.0 84.0 (1.83) 324.8 (0.47) 119.5 (1.29) 159.8 (0.96) 122.3 (1.26) 107.8 (1.43) 158.7 (0.97) 113.6 (1.36) 60.4 (2.55) 
45 F 130.5 100.8 (1.29) 146.3*(0.89) 122.7 (1.06) 83.1*(1. 57) 108.7*(1.20) 98.9*(1.32) 153.5*(0.85) 111.8*(1.17) 70.5*(1.85) 
46 P 131.5 108.2 (1.22) 176.5*(0.75) 127.2 (1.03) 86.0*(1.53) 112.8会(1.17) 101. 4* (1. 30) 154.0*(0.85) 115.1*(1.14) 71.9*(1.83) 
47 F 130.0 106.0 (1.23) 174.9*(0.74) 117.5 (1.11) 86.2*(1.51) 106.2*(1.22) 97.7*(1.33) 146.3*(0.89) 112.3女(1.16) 71. 9*(1.81) 
48 F 138.0 107.8 (1.28) 178.2女(0.77) 118.5 (1.16) 87.0*(1. 59) 107.3*(1.29) 98.3*(1.40) 146.4*(0.94) 113.1*(1.22) 72.3*(1.91) 
49 F 131.0 103.5 (1. 27) 175.2*(0.75) 116.1 (1.13) 87.2*(1.50) 104.4女(1.25) 97.0*(1.35) 144.5*(0.91) 112.0女(1.17) 72.3*(1.81) 
50 D 133.5 101. 7女(1.31) 171. 9 (0.78) 115.0*(1.16) 86.4 (1.55) 103.3 (1.29) 96.4 (1.38) 144.4 (0.92) 111.2 (1.20) 71. 9 (1.86) 
51 D 128.0 100.4*(1.27) 153.9 (0.83) 114.2*(1.12) 77.9 (1.64) 97.8 (1.31) 91.3 (1. 40) 138.5 (0.92) 105.5 (1.21) 70.4 (1.82) 
52 D 126.0 102.4*(1.23) 156.9 (0.80) 115.4安(1.09) 78.7 (1.60) 98.7 (1.28) 91. 9 (1. 37) 138.6 (0.91) 106.3 (1.19) 70.8 (1.78) 
53 D 116.0 99.6*(1.16) 154.8 (0.75) 113.9*(1.02) 78.7 (1.47) 106.6 (1. 09) 100.1 (1.16) 149.4 (0.78) 115.0 (1.01) 72.8 (1.59) 
54 D 124.0 98.9*(1.25) 153.7 (0.81) 113.5*(1.09) 78.4 (1.58) 106.1 (1.17) 99.9 (1.24) 149.4 (0.83) 114.6 (1.08) 72.6 (1.71) 
55 D 122.0 107.2*(1.14) 177.2 (0.69) 118.1会(1.03) 86.9 (1.40) 110.6 (1.10) 104.4 (1.17) 148.1 (0.82) 119.1 (1.02) 76.9 (1.59) 
56 D. 110.0 102.5*(1.07) 169.4 (0.65) 115.4*(0.95) 84.9 (1.30) 108.1 (1.02) 103.0 (1. 07) 147.8 (0.74) 117.3 (0.94) 75.9 (1.45) 
57 P 78.0 64.0 (1.22) 76.4六(1.02) 82.8 (0.94) 37.5*(2.08) 62.8*(1.24) 57.0*(1.37) 71. 9*(1.08) 62.4*(1.25) 42.0*(1.86) 
58 F 80.0 64.0 (1.25) 76.4大(1.05) 82.8 (0.97) 37.5*(2.13) 62.8*(1.27) 57.0*(1.40) 71. 9*(1.11) 62.4*(1.28) 42.0*(1.90) 
59 P 55.0 61.0 (0.90) 56.4*(0.98) 67.4 (0.82) 28.4*(1.94) 42.0*(1.31) 38.6*(1.42) 50.5*(1. 09) 43.7*(1.26) 35.9*(1.53) 
60 P 59.0 61.0 (0.97) 56.4*(1.05) 67.4 (0.88) 28.4*(2.08) 42.0*(1.40) 38.6*(1.53) 50.5*(1.17) 43.7*(1.35) 35.9*(1.64) 
61 P 160.0 105.9 (1. 51) 230.3*(0.69) 137.4 (1.16) 113.5*(1.41) 126.6*(1.26) 111.9*(1.43) 180.6*(0.89) 120.9*(1.32) 75.0女(2.13)
62 F 166.5 105.5 (1.58) 229.5*(0.73) 137.2 (1.21) 113.3*(1.47) 126.3*(1.32) 111. 8*(1. 49) 180.6*(0.92) 120.7*(1.38) 74.9*(2.22) 
63 P 176.0 77.1 (2.28) 244.2*(0.72) 112.6 (1.56) 119.0*(1.48) 129.0*(1.36) 115.1安(1.53) 190.1*(0.93) 117.8*(1:49) 71. 7*(2.45) 
64 P 169.5 77.0 (2.20) 224.2*(0.76) 112.6 (1.51) 119.0*(1. 42) 129.0会(1.31) 115.1*(1.47) 190.1女(0.89) 117.8*(1.44) 71.7女(2.36)
65 D 142.0 74.2*(1.91) 158.0 (0.90) 90.4*(1.57) 78.4 (1.81) 103.2 (1.38) 95.2 (1.49) 153.2 (0.93) 104.7 (1.36) 71.1 (2.00) 
66 D 132.0 75.7女(1.74) 160.9 (0.82) 91.3女(1.45) 79.2 (1.67) 104.2 (1.27) 95.8 (1.38) 153.4 (0.86) 105.5 (1.25) 71.4 (1.85) 
67 D 104.0 77.8*(1.34) 133.4 (0.78) 85.9*(1.21) 64.7 (1.61) 93.3 (1.11) 87.0 (1.20) 134.3 (0.77) 97.2 (1.07) 71.9 (1.45) 
68 D 114.0 76.2*(1.50) 130.5 (0.87) 84.0*(1.36) 64.0 (1. 78) 92.3 (1.24) 86.4 (1.32) 134.1 (0.85) 96.4 (1.18) 71.5 (1.59) 
69 D 124.0 76.5*(1.62) 131.0 (0.95) 91.8*(1.35) 64.1 (1.93) 104.9 (1.18) 96.2 (1.29) 153.5 (0.81) 106.0 (1.17) 71.6 (1.73) 
70 D 118.0 75.2*(1.57) 129.1 (0.91) 91.0*(1.30) 63.6 (1.86) 104.1 (1.13) 95.7 (1.23) 153.4 (0.77) 105.3 (1.12) 71.3 (1.65) 
71 D 146.0 73.9*(1. 98) 185.5 (0.79) 90.2*(1.62) 92.3 (1.58) 103.0 (1. 42) 95.0 (1.54) 153.2 (0.95) 104.6 (1.40) 71.0 (2.06) 
72 D 153.0 74.8*(2.05) 187.6 (0.82) 90.8*(1.69) 92.8 (1.65) 103.7 (1.48) 95.4 (1.60) 153.3 (1.00) 105.0 (1.46) 71.2 (2.15) 
73 D 132.0 75.3女(1.75) 177.9 (0.74) 91.1*(1.45) 87.7 (1.51) 114.5 (1.15) 106.2 (1. ~4) 168.7 (0.78) 115.6 (1.14) 7i.0 (1.74) 
74 D 142.0 74.5*(1.91) 175.9 (0.81) 90.6*(1.57) 87.2 (1.63) 113.8 (1.25) 105.8 (1.34) 168.6 (0.84) 115.1 (1.23) 75.8 (1.87) 
75 D 146.0 73.6安(1.98) 173.9 (0.84) 110.1女(1.33) 86.7(1.68}138.0(1.06)124.9{f11.1751 ) 168.5({00.876〕) 128.5({11.142)  75.6{[11.931) } 










( t on) 
番 破壊 R C規準 '82方志 A C 1 Code Hognestad Elstner Whitney Moe 角田・井議・顔ヨヨ持乙へ4日
Hognestad 
号 形 3主実験値 一方 Pu向 パン(チPuング 一方 Pu向) パンチPンuグ
(工止) (~) (旦~) (~) (主ー)Pcal 一一) Pcal (~) Pcal Pcal 一一) Pcal Pcal Pcal Pcal Pcal *女 pu Pcal Pcal Pcal Pcal Pcal Pcal Pcal Pcal Pcal 
77 D 126.0 55.0*(2.29) 161.3 (0.78) 80.1会(1.57) 87.2 (1.44) 96.3 (1.31) 91.2 (1.38) 160.5 (0.79) 99.0 (1. 27) 66.8 (1.89) 
78 D 126.0 54.3*(2.32) 159.8 (0.79) 79.6*(1.58) 86.6 (1.45) 95.8 (1.32) 91.0 (1.38) 160.4 (0.79) 98.6 (1.28) 66.6 (1.89) 
79 D 136.5 59.9*(2.28) 159.8 (0.85) 87.7*(1.56) 86.8 (1.57) 99~5 (1.37) 93.8 (1.46) 160.4 (0.85) 100.7 (1.36) 66.6 (2.05) 
80 D 128.0 57.2*(2.24) 152.6 (0.84) 85.6'た(1.50) 84.8 (1.51) 97.1 (1.32) 92.3 (1.39) 159.8 (0.80) 98.7 (1.30) 65.9 (1. 94) 
81 D.P 142.0 65.2*(2.18) 159.8*(0.89) 95.5六(1.49) 86.7女(1.64) 103.0女(1.38) 96.5*(1.47) 160.4*(0.89) 102.4*(1. 39) 66.6*(2.13) 
82 D'P 144.0 66.8*(2.16) 163.4*(0.88) 96.7六(1.49) 87.7安(1.64) 104.2*(1.38) 97.2六(1.48) 160.7*(0.90) 103.4*(1.39) 67.0女(2.15)
83 D'P 153.0 72.0安(2.13) 162.7*(0.94) 104.5大(1.46) 87.5*(1. 75) 107.3*(1. 43) 99.7*(1. 53) 160.7*(0.95) 104.7*(1.46) 66.9*(2.29) 
84 P 154.0 67.5 (2.28) 152.6*(1. 01) 101.3 (1.52) 84.8* (1. 82) 103.7*(1.49) 97.4*(1.58) 159.8*(0.96) 101.8女(1.51) 65.9女(2.34)
85 D 150.0 54.2*(2.77) 211.8 (0.71) 79.5*(1.89) 115.2 (1.30) 95.7 (1.57) 90.8 (1.65) 160.4 (0.94) 98.5 (1.52) 66.6 (2.25) 
86 D 152.0 55.1女(2.76) 217.5 (0.70) 80.2大(1.90) 116.2 (1.31) 96.6 (1.57) 91.4 (1.66) 160.6 (0.95) 99.2 (1.53) 66.8 (2.28) 
87 D 147.0 61.2*(2.40) 197.6 (0.74) 88.6*(1.66) 106.0 (1.39) 100.7 (1.46) 94.5 (1.56) 160.7 (0.91) 101.6 (1.45) 67.0 (2.19) 
88 D 150.0 60.9女(2.46) 196.7 (0.76) 88.4*(1. 70) 105.7 (1.42) 100.4 (1.49) 94.3 (1.59) 160.7 (0.93) 101.4 (1.48) 66.9 (2.24) 
89 P 134.0 69.5 (1.93) 126.9*(1.06) 102.6 (1.31) 69.5*(1. 93) 105.3*(1.27) 98.4*(1.36) 154.0女(0.87) 103.1六(1.30) 66.4*(2.02) 
90 P 130.0 74.2 (1.75) 135.6大(0.96) 106.1 (1.23) 71. 8* (1. 81) 109.0*(1.19) 100.8* (1. 29) 154.9*(0.84) 106.1会(1.23) 67.4会(1.93) 
91 D 146.0 49.4*(2.96) 214.7 (0.68) 72.0*(2.03) 116.0 (1.26) 92.5 (1.58) 88.3 (1.65) 160.5 (0.91) 96.6 (1.51) 66.8 (2.19) 
92 D 142.0 51.4*(2.76) 223.3 (0.64) 73.5六(1.93) 118.3 (1.20) . 94.5 (1.50) 89.5 (1.59) 161.0 (0.88) 98.2 (1.45) 67.4 (2.11) 
93 D 144.0 55.8犬(2.58) 198.5 (0.73) 80.7*(1. 78) 106.2 (1.36) 97.2 (1.48) 91.8 (1.57) 160.8 (0.90) 99.7 (1.44) 67.1 (2.15) 
94 D 144.0 53.9*(2.67) 191.5 (0.75) 79.3大(1.82) 104.3 (1.38) 95.4 (1.51) 90.7 (1.59) 160.3 (0.90) 98.3 (1.46) 66.5 (2.17) 
95 P 132.0 64.8 (2.04) 128.1*(1.03) 95.2 (1.39) 69.9会(1.89) 102.5大(1.29) 96.1*(1.37) 154.1*(0.86) 102.0*(1. 29) 66.5犬(1.98) 
96 F 134.0 64.8 (2.07) 128.1*(1.05) 95.2 (1.41) 69.9*(1. 92) 102.5*(1.31) 96.1*(1. 39) 154.1女(0.87) 102.0*(1.32) 66.5*(2.02) 
97 P 112.0 72.3 (1.55) 108.9*(1.03) 104.7 (1. 07) 58.4*(1. 92) 107.5犬(1.04) 99.9*(1.12) 138.2女(0.81) 104.9女(1.07) 67.0大(1.67)
98 P 112.5 6ヲ.9(1.61) 105.1*(1.07) 102.9 (1.09) 57.4大(1.96) 105.5*(1.07) 98.6女(1.14) 137.8*(0.82) 103.3*(1.09) 66.4*(1.69) 
上むの平均 *1.96 *0.93 ず'1.46 決1.74 *1.26 *1.35 *0.90 安1.23 公1.79 
(1)標準偏差 0.537 0.148 0.279 0.226 0.112 0.121 0.108 0.127 0.326 
変動準(%) 27.4 15.9 19.1 13.0 8.9 9.0 12.0 10.3 18.2 
出の平均 1.48 0.74 1.12 1.43 1.25 1.35 0.86 1.24 1.96 
(2)標準偏差 0.361 0.170 0.174 0.331 0.172 0.177 0.089 0.180 0.324 
変動率(%) 24.4 23.0 15.5 23.1 13.8 13.1 10.3 14.5 16.5 
tむの平均 1.65 1.66 1.26 1.35 0.88 1.24 1.88 
(3)標準偏差 0.482 0.271 0.145 0.152 0.100 0.156 0.336 




大:実験の破壊形式と計算気のそれとが一致するもの. 破壊形式会* p パンチング破壊 S : I鴇角破袋 D 一方向破壊.
D' P DとP が競合(1)実験の破媛形責と計算主主のそれとが一致するものの上むの平均等 (2) (J)以外のものの計算値と実験値














































































PCa1= 'p ， bp・J
方向
PCa1= 2 ('p'bp+ 'j・b;lj(i=xまたは、)
隅角
P cal = 4 ( ， p • bp十人・b、十 τv・b，)j 
ここに Tp， rx， rFは順に境界面，側梁
B"側梁 Byのせん断強度，せん断強度は
梁に関する大野・荒川式によって求める。
同式中の M/Qの値は τp' τ')に対し






















に表-5に示す。表中安印は計一算式の破壊形式と実験のそれとが一致するものを示す O 表 5 
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最大荷重 一方向 パンチング 隅 角
番号 実験値
Pcal (工~) Pcal (よ~) (」L)Pcal Pu Pcal Pcal Pcal 
57 78 85.0 (0.92) 78.1*(1. 00) 94.9 (0.82) 
58 80 85.0 (0.94) 78.1*(1.02) 94.9 (0.84) 
59 55 67.7 (0.81) 50.8*(1.08) 87.3 (0.63) 
60 59 67.7 (0.87) 50.8*(1.16) 87.3 (0.68) 
61 160 185.8 (0.86) 165.2*(0.97) 209.8 (0.76) 
62 166.5 185.4 (0.90) 164.9*(1. 01) 209.3 (0.80) 
63 176 171. 7 (1.02) 183.7*(0.96) 209.8 (0.84) 
64 169.5 171. 7 (0.99) 183.6*(0.92) 209.8 (0.81) 
65 142 127.9*(1.11) 147.0 (0.97) 173.9 (0.82) 
66 132 129.3女(1.02) 148.8 (0.89) 175.9 (0.75) 
67 104 105.0*(0.99) 129.6 (0.80) 156.4 (0.67) 
68 114 103.6*(1.10) 127.9 (0.89) 154.3 (0.74) 
69 124 117.3*(1.06) 130.1 (0.95) 145.9 (0.85) 
70 118 116.2*(1.02) 129.5 (0.91) 144.6 (0.82) 
71 146 142.8*(1.02) 170.5 (0.86) 216.4 (0.67) 
72 153 143.8*(1.06) 171. 7 (0.89) 217.8 (0.70) 
73 132 121.9女(1.08) 160.1 (0.82) 156.6 (0.84) 
74 142 121.1会(1.17) 159.0 (0.89) 155.6 (0.91) 
75 146 155.5*(0.94) 157.9 (0.92) 154.5 (0.94) 
76 145 157.6*(0.92) 160.1 (0.91) 156.6 (0.93) 
77 126 121.6*(1.04) 145.0 (0.87) 159.7 (0.79) 
78 126 120.8*(1.04) 144.0 (0.87) 158.7 (0.79) 
79 136.5 127.5*(1.07) 144.3 (0.95) 165.4 (0.83) 
80 128 124.2*(1.03) 140.6 (0.91) 161.2 (0.79) 
81 142 133.7*(1.06) 144.1*(0.99) 171.6 (0.83) 
82 144 135.5女(1.06) 146.0安(0.99) 173.9 (0.85) 
83 153 141.5*(1.08) 145.5*(1.05) 179.7 (0.85) 
84 154 136.9 (1.13) 140.7*(1.09) 173.9 (0.89) 
85 150 151.1*(0.99) 191.1 (0.78) 225.9 (0.66) 
86 152 152.6*(1.00) 193.0 (0.79) 228.1 (0.67) 
87 147 142.8*(1.03) 166.9 (0.88) 196.6 (0.75) 
88 150 142.4*(1.05) 166.4 (0.90) 196.0 (0.77) 
89 134 127.8 (1.05) 127.0*(1.06) 154.3 (0.87) 
90 130 132.6 (0.98) 131. 7*(0.99) 160.1 (0.81) 
91 146 145.8女(1.00) 192.6 (0.76) 221.1 (0.66) 
92 142 149.0女(0.95) 196.8 (0.72) 226.1 (0.63) 
93 144 136.5*(1.05) 167.2 (0.86) 190.4 (0.76) 
94 144 133.9*(1.08) 164.0 (0.88) 186.7 (0.77) 
95 132 122.1 (1. 08) 127.7*(1. 03) 148.7 (0.89) 
96 134 122.1 (1.10) 127.7*(1.05) 148.8 (0.90) 
97 112 121.1 (0.92) 117.2*(0.96) 139.6 (0.80) 
98 112.5 118.9 (0.95) 115.1*(0.98) 137.1 (0.82) 
(誠験体数)陥の平均 (34) *1.02 (49) *1.01 (18) *0.96 
(1) 標準偏差 0.065 0.069 0.116 
愛動率制 6.4 6.8 12.1 
(試験体数)胞の平均 (42) 1.03 (38) 1.02 (18) 0.96 
(2) 標準偏差 0.068 0.071 0.106 
変動率的 6.6 6.9 11.1 
(誌験体数)出の平均 (98) 1.01 
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